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Solid lithium-ion conducting electrolytes are
important as materials for use in devices such as
lithium batteries. For battery use, high oLi (Li+ ion
conductivity) is important. Two families of
ceramics which exhibit high oLI are Li3xLa%.xTi031'2
and Li1+xAlJi2.x(PO4)33.
Two of the more conductive ceramics reported for
these systems have been prepared and studied using
solid state NMR. Lio 3Lao 57TiO3 was prepared by
dry ballmilling of stoichiometric amounts of Li2O,
La2O3 and TiO2, pressing pellets of the resultant
powder, and calcining at 1100°C for 24 hours.
The X-ray diffraction pattern for the final ceramic
was similar to that reported by Kawai2, indicating
the presence of a single perovskite phase.
L'i jAl,, 3Ti, .7(PO4)3 was prepared by the
ballmilling, in ethanol, of Li2CO3, A12O3, TiO2 and
(NH4)2HPO4, followed by calcining at 900°C for
2 hours3.
According to the literature, the bulk crystal ionic
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Figure 1: Static 7Li spectra of L^ 3La<, 57TiO3
155 MHz as a function of temperature.
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conductivities (that is excluding the series resistance
at the grain boundaries) for these ceramics at room
temperature are 3x 103 S cm1 for the phosphate
and 1.1 x 103 S cm"1 for the oxide. Inaguma et al.'
studied the conductivity of a similar oxide as a
function of temperature and reported a change in
conductivity mechanism at around 380K, resulting
in a decrease in activation energy from 0.40 eV to
0.15 eV. Aono et al.3 found that activation energy
for conduction of the phosphate depended
continuously on temperature, ie. non-Arrhenius
behaviour was observed. Inaguma's data could also
be interpreted in this way. One of the aims of this
study is to see if the mechanism of ion-motion in
these ceramics changes with temperature, using
solid state NMR to study the environments and
motion of the ions.
7Li NMR static measurements were performed on
a Bruker CXP-300 spectrometer (at 116 MHz) and
a Bruker MSL-400 spectrometer (at 155 MHz). A
30° pulse was used for excitation, although the
spectra appear to be independent of excitation pulse
length.
Fig. 1 shows the 7Li static spectra of Li<) 3Lao57Ti03
as a function of temperature at 155 MHz.
Quadrupolar satellites with CQ around 900 Hz
appear at temperatures greater than 310K. Both the
singularities and the edges of the quadrupolar
powder pattern are visible, while the splitting of the
satellites decreases as temperature increases. Figure
2 shows the 7Li static spectra of Li,, 3Lao 57Ti03 as
a function of temperature at 116 MHz. These
spectra used a much broader sweep and many more
scans than the previous spectra. The central
transition in these spectra appears as a single peak,
unlike that at 155 MHz. A second set of satellite
transition peaks is observed with a splitting of
around 40 kHz. These peaks are not very intense,
and might be attributed to a minority phase such as
at the grain boundaries.
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303K Fig. 4 shows the 7Li quadrupolar splitting as a
function of temperature for both ceramics.
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Figure 2: Static 7Li spectra of Lio jLa,, 57Ti03 at
116 MHz as a function of temperature.
Similar quadrupolar structure has been observed at
higher temperatures in less conducting ceramics by
Vashman et al.4, Pronin et al.5 and by Xie et al6.
The appearance of quadrupolar structure appears to
correlate with bulk conductivity in these systems
(the higher the bulk conductivity, the lower the
temperature at which quadrupolar structure
appears). For quadrupolar structure to appear, the
electric field gradient experienced by the lithium
ions must be well defined. In systems with mobile
ions this means that the ions must hop between
equivalent sites in the lattice, with a long residence
time and a short transit time on the NMR time-
scale5.
Figure 3: Static 7Li spectra of Li, .3Alo.3Ti, 7(PO4)3
at 116 MHz as a function of temperature.
Fig. 3 shows the 7Li static spectra of
Li, 3Al03Ti| 7(PO4)3 as a function of temperature,
measured at 116 MHz. Quadrupolar satellites are
already strong at 302K, and both the 0=0° and
0 = 90° transitions are observable. Both ceramics
have Lorentzian 7Li lineshapes, indicating that the
lithium ions are highly mobile in these materials.
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Figure 4: Quadrupolar coupling constant CQ as a
function of temperature. (•) Li, ^lojTi, 7(PO4)3 at
116 MHz, (A) Li^Laoj/TiOj at 155 MHz,
(•) Lio 3Lao S7TiO3 at 116 MHz.
Results of relaxation time measurements on these
systems, along with aluminium and phosphorus
NMR spectra will be reported in a more detailed
publication7. The effect of composition on the
structure and mobility of these materials is
currently being investigated as the next stage in this
work.
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